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Background  
The monitoring of the actual activities of 
daily living of individuals with lower limb 
amputation is essential for an evidence-
based fitting of the prosthesis, more 
particularly the choice of components (e.g., 
knees, ankles, feet)
[1-4]
.    
The purpose of this presentation was to give 
an overview of the categorization of the load 
regime data to assess the functional output 
and usage of the prosthesis of lower limb 
amputees has presented in several 
publications
[5, 6]
. The objectives were to 
present a categorization of load regime and 
to report the results for a case.  
 
Methods 
The load applied on the osseointegrated 
fixation of one transfemoral amputee was 
recorded using a portable kinetic system for 
5 hours. The portable kinetic system 
included a load cell fitted below the fixation 
and a data logger carried in the bag pack.  
The activities were recorded at the frequency 
of 10 Hz. 
 
Results  
This case study indicated that the periods of 
directional locomotion, localized 
locomotion, and stationary loading occurred 
44%, 34%, and 22% of recording time and 
each accounted for 51%, 38%, and 12% of 
the duration of the periods of activity, 
respectively. The absolute maximum force 
during directional locomotion, localized 
locomotion, and stationary loading was 19%, 
15%, and 8% of the body weight on the 
anteroposterior axis, 20%, 19%, and 12% on 
the mediolateral axis, and 121%, 106%, and 
99% on the long axis.  
 
Discussion 
A total of 2,783 gait cycles were recorded. 
Approximately 10% more gait cycles and 
50% more of the total impulse than 
conventional analyses were identified.  This 
indicated that only some a limited amount of 
the information could have been estimated 
using conventional approach combining load 
obtained in a gait lab for a few steps and the 
actual number of steps during ADL obtained 
with a pedometer. Incidentally, the results 
demonstrated that the prosthetic benefits of 
an osseointegration fixation were translated 
into high functional outcomes for the 
participant.  
 
Conclusion 
The proposed categorization and apparatus 
have the potential to complement 
conventional instruments, particularly for 
difficult cases.  
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Background: need for “realistic” data 
Coleman, K.L., D.G. Smith, D.A. Boone, A.W. Joseph, and M.A. Del Aguila, Step activity monitor: Long-term continuous recording of ambulatory 
function. Journal of Rehabilitation Research & Development, 1999. 36(1): p. 8-18. 
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Methods: participant 
Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. Monitoring of the load 
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Methods: apparatus 
Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. Monitoring of the load 
regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based practice. Prosthetics and Orthotics 
International. 2008. 32 (1).  
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Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. Monitoring of the load 
regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based practice. Prosthetics and Orthotics 
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Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. Monitoring of the load 
regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based practice. Prosthetics and Orthotics 
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Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. Monitoring of the load 
regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based practice. Prosthetics and Orthotics 
International. 2008. 32 (1).  
Results: overall analysis 
Frossard et al. Monitoring of the load regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based 
practice. 2008. Prosthetics and Orthotics International. 32 (1). DOI: 10.1080/03093640701676319. p 68-78 
Results: talking to clinicians 
Frossard et al. Monitoring of the load regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based 
practice. 2008. Prosthetics and Orthotics International. 32 (1). DOI: 10.1080/03093640701676319. p 68-78 
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Results: categorization  
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
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Periods of activity
Inactivity
Order of 
detection
1
Definition No displacements
Range of 
displacement
Nil
Loading 
characteristics
Long axis under 1/8
th
 of 
BW for more than 2 
seconds
Typical 
examples of 
possible 
activities 
Lying down, seating
Results: categorization  
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Periods of activity
Stationary loading
Order of 
detection
2
Definition
Limited diplacements, 
quasi static
Range of 
displacement
Displacement within an 
area of 0.5 m
2 
Loading 
characteristics
Magnitude concentrated 
around the mean for at 
least a 7 second window
Typical 
examples of 
possible 
activities 
Standing up while talking 
to someone, waiting for 
the bus
Results: categorization  
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Periods of activity
Periods of ambulation
Directional locomotion
Order of 
detection
3
Definition
Intentional displacement 
in a given direction at 
fixed or variable cadence 
to traverse low or high 
level environment barriers 
in even or uneven surfaces
Range of 
displacement
Net displacement of more 
than 3 m 
Loading 
characteristics
Noticeable gait cycles 
repeated for more than 2 
strides
Typical 
examples of 
possible 
activities 
Running, walking in a 
level straigh line, up and 
down stairs and slope
Results: categorization  
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Periods of activity
Localised locomotion
Order of 
detection
4
Definition
In between directional 
locomotion and stationary 
loading
Range of 
displacement
Displacement within an 
area of 3 m
2 
Loading 
characteristics
Variations in magnitude 
ranging bewteen 0% and 
150% with no more than 2 
repeatable gait cycles over 
at least a 7 second window
Typical 
examples of 
possible 
activities 
Doing a bed, preparing 
meal, sit-to-stand
Results: occurrence and duration   
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Directional
locomotion
Localised
locomotion
Stationary
load
Inactivity
19 
11 
6 
64 
84 
126 
61 
28 
Duration (%) Occurrence (#)
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Results: Cadence 
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
2408 steps in 5 
hours 
8.03 steps/m 481.6 steps/h 
Results: descriptive analysis 
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Directional 
locomotion
Localised 
locomotion
Stationary     
loading
Inactivity
Median 315.68 -3.00 11.38 -12.44
Minimum -181.30 -142.22 -107.85 -102.26
Maximum 157.36 123.52 67.60 106.84
Median -40.65 -34.47 -28.19 -5.19
Minimum -170.27 -154.38 -102.78 -51.20
Maximum 25.63 19.13 16.88 40.41
Median 295.73 335.03 335.75 -17.71
Minimum -83.67 -61.31 -64.67 -63.69
Maximum 1005.41 883.97 825.90 588.20
Median -8.25 -6.42 -4.52 -0.55
Minimum -32.25 -98.76 -24.55 -19.34
Maximum 15.35 13.00 11.77 4.89
Median 8.54 5.94 3.77 0.02
Minimum -9.88 -10.07 -4.87 -7.75
Maximum 50.83 60.18 30.25 20.56
Median -0.79 -1.11 -0.13 1.13
Minimum -13.32 -7.24 -5.65 -16.64
Maximum 11.77 8.42 7.94 17.94
Medio-lateral axis
Periods of activity
Periods of ambulation
Forces (N)
Antero-posterior axis
Long axis
Moments (N.m)
Antero-posterior axis
Medio-lateral axis
Long axis
Results: histogram of load distribution 
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Results: impulse 
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
Directional 
locomotion
Localised 
locomotion
Stationary 
loading
Inactivity Total
Antero-posterior 9 11 12 6 17
Medio-lateral 162 89 80 20 351
Long 1,069 745 107 227 1,935
Resultant 1,214 767 268 230 2,479
Impulse          
(kN.s)
Periods of activity
Periods of ambulation
Results: impulse 
Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees during short-term use 
of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 23 (1). p 2-11. 
0
10
20
30
40
50
60
Directional
locomotion
Localised
locomotion
Stationary load Inactivity
(%) 
± Conventional methods 
Discussion: limitations 
Dudek, N.L., O.D. Khan, E.D. Lemaire, M.B. Marks, and L. Saville, Ambulation monitoring of transtibial amputation subjects with patient activity 
monitor versus pedometer. J Rehabil Res Dev, 2008. 45(4): p. 577-85. 
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Benefits: Evidence-based classification  
Gailey, R.S., K.E. Roach, E.B. Applegate, B. Cho, B. Cunniffe, S. Licht, M. Maguire, and M.S. Nash, The Amputee Mobility Predictor: An instrument 
to assess determinants of the lower-limb amputee's ability to ambulate. Archives of Physical Medicine and Rehabilitation, 2002. 83(5): p. 613-
627 
Level Description
K-Level 0 Does not have the ability to ambulate or transfer with or without assistance and a prosthesis does not enhance 
quality of life or mobility
K-Level 1 Has the ability or potential to use a prosthesis for transfers or ambulation in level surfaces at a fixed cadence. 
Typical of the limited and unlimited household ambulatory.
K-Level 2 Has the ability or potential for ambulation with the ability to traverse low-level environment barriers such as curbs, 
stairs or uneven surfaces. Typical of the limited community ambulatory.
K-Level 3 Has the ability or potential for ambulation with variable cadence. Typical of the community ambulatory who has the 
ability to traverse most environmental barrier and may have vocational, therapeutic or exercise activity that 
demands prosthetic use beyond simple locomotion.
K-Level 4 Has the ability or potential for prosthetic ambulation that exceeds basic ambulation skills, exhibiting high impact, 
stress or energy levels. Typical of the prosthetic demands of the child, active adult or athlete.
Functional Mobility Grade
Benefits: Evidence-based classification  
Level Description
K-Level 0 Does not have the ability to ambulate or transfer with or without assistance and a prosthesis does not enhance 
quality of life or mobility
K-Level 1 Has the ability or potential to use a prosthesis for transfers or ambulation in level surfaces at a fixed cadence. 
Typical of the limited and unlimited household ambulatory.
K-Level 2 Has the ability or potential for ambulation with the ability to traverse low-level environment barriers such as curbs, 
stairs or uneven surfaces. Typical of the limited community ambulatory.
K-Level 3 Has the ability or potential for ambulation with variable cadence. Typical of the community ambulatory who has the 
ability to traverse most environmental barrier and may have vocational, therapeutic or exercise activity that 
demands prosthetic use beyond simple locomotion.
K-Level 4 Has the ability or potential for prosthetic ambulation that exceeds basic ambulation skills, exhibiting high impact, 
stress or energy levels. Typical of the prosthetic demands of the child, active adult or athlete.
Functional Mobility Grade
Benefits: Evidence-based fitting 
Frossard L, Häggström E, Hagberg K, Brånemark R. Load applied on a bone-anchored transfemoral prosthesis: characterisation of prosthetic 
components – A case study. Journal of Rehabilitation Research and Development. 2012. Accepted.  
C-Leg Total Knee 
Future: tools for clinicians 
Source: http://www.college-park.com/ipecs 
Future: fall prevention 
Frossard L, Tranberg R, Haggstrom E, Pearcy M, Brånemark R. Load on osseointegrated fixation of transfemoral amputee during a fall: loading, 
descent, impact and recovery analysis. Prosthetics and Orthotics International. 2010. 34(1): 85–97. 
Future: fall detection 
Frossard L. Load on osseointegrated fixation of a transfemoral amputee during a fall: Determination of the time and duration of descent. 
Prosthetics and Orthotics International. 2010. 34 (4). p 472-487. 
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Future: fatigue with finite element 
Helgason B, Pálsson H, Rúnarsson T, Frossard L, Viceconti M. Risk of failure during gait for direct skeletal attachment of a femoral prosthesis: 
A finite element study. Medical Engineering and Physics. 2009. 31. p 595–600. 
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